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Captive environment in zoological parks often does not provide optimum conditions
for natural behaviors due to spatial constraints and negative public reaction. These
factors elicit stereotypic behavior in tigers such as pacing, head bobbing and aimless
repetition of some movements, and are considered to be an indication of stress. The
present study was conducted to assess the effect of captivity on the plasma cortisol
level and behavioral pattern in Bengal tigers (Panthera tigris tigris). Tigers kept in
captivity at the Lahore zoo (n=4) and in semi natural environment at the Lahore
Wildlife Park (n=6) were used for this study, and standard protocols of housing and
sampling were observed. The mean plasma cortisol values for the captive animals

and those kept in a semi natural environment were 34.48+1.33 and 39.22+3.16
po/dl, respectively. The difference was statistically non significant. Similarly, no
significant difference in the plasma cortisol levels was observed among the
individuals within each form of captivity. From the behavioral survey it was
observed that the time spent in pacing and resting was much longer for captive
animals than animals confined to the semi natural environment. Thus, technically
monitored “Environmental Enrichment” plans need to be devised which are as close
as possible to the natural environment of the captive animals in order to achieve
their utmost performance.
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INTRODUCTION

With a rapid loss of species worldwide, long term
maintenance of the captive population has become a
common approach to species conservation. Apart from
serving the main aim of conservation, these captivity
modules such as zoos, sanctuaries and wildlife parks serve
as a seat of education, research and recreation as well
(Mench and Kreger, 1996; McPhee, 2003). However,
abnormal behaviors may develop in animals where the
captive, human-made environment is not suitable for them
to carry out their natural or instinctive behaviors
(Carlstead, 1996). These sets of abnormal, unnatural
behaviors are referred to as ‘stereotypies’, described as
unvarying, repetitive behavioral patterns with no apparent
goal or function (Fox, 1965). Stereotypies are associated
with environmental conditions that stimulate arousal,
conflict or frustration in the animal exhibiting the
behavior (Dantzer and Mittleman, 1993). Boredom may
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also elicit a stereotypic response under certain situations
(Wemelsfelder, 1993). The coping hypothesis suggests
that stereotypic behavior results as a response to a
stressful situation and is used as a means of managing the
situation (Cooper and Nicol, 1991) and hence is
considered to be an indication of stress.

In mammals, challenges to homeostasis commonly
evoke a series of endocrine and neural actions known as
the stress response. While not as stereotyped as once
thought, the stress response typically involves the release
of catecholamines from the sympathetic nervous system
and adrenal medulla, release of adrenocortical
glucocorticoids (primarily cortisol), and the initiation of a
variety of other endocrine responses, including
suppression of hormones related to anabolism, growth,
and reproduction (Sapolsky, 2002). Collectively, the stress
response aids in adapting an individual to an acute stressor
by stimulating hepatic glucose release and visceral
lipolysis, enhancing the delivery of glucose, fatty acids,



and triglycerides to the skeletal muscle and brain, triaging
processes nonessential to immediate survival, and
constraining inflammatory and immune responses.
Despite these adaptive functions, it has long been
recognized that chronic or prolonged activation of the
stress response can have deleterious physiological and
behavioral effects (Abbott et al., 2003). Behaviorally,
chronic stress may be indicated by reduced reproductive
behavior (Gronli et al., 2005), exploratory (Vyas and
Chattaji, 2004), behavioral complexity (Rutherford et al.,
2004) and latency to freeze (Korte, 2001). Similarly,
increased abnormal behavior (Carlstead and Brown,
2005), behavioral inhibition (Vyas and Chattaji, 2004),
vigilance behavior and hiding, aggression (Morgan and
Tromborg, 2007), fearfulness and frequency of startle
(Boissy et al., 2001) and freezing behavior (Korte, 2001)
have been reported due to chronic stress.

There is a dearth of published literature regarding the
stereotypic behavior of tigers kept in captivity in Pakistan.
This study was hence conducted to assess the effect of
captivity on the plasma cortisol level and behavioral
pattern of tigers kept in the Lahore zoo and the Lahore
Wildlife Park (LWP), Pakistan.

MATERIALS AND METHODS

Study site and experimental animals

The present study was conducted on the tigers of
Bengal origin (Panthera tigris tigris) kept at the Lahore
zoo, Mall Road, Lahore and the LWP located on the
Raiwind Road, 32 km from the main city of Lahore, in the
year 2007-08. The tigers from the Lahore zoo (n=4) lived
solitary, consisting of two males and two females;
whereas the tigers from the LWP (n=6) lived in social
groups consisting of five males and one female. All of the
animals ranged from 1 to 4 years in age and from 140 to
170 kg in body weight.

Housing and feeding

The Bengal tigers housed in captivity at the Lahore
zoo were kept in indoor enclosures (approx 25x10x15 ft)
with wired fence on the front and back for the provision of
natural light. The floor was tiled and there were solid
opaque walls on the sides which prevented physical and
visual contact with animals housed in adjacent cages. All
cages were provided with fans, air coolers and a water
pool with water ad libitum.

The Bengal tigers in the semi natural environment of
LWP were kept in outdoor enclosures with ample space
(15 acres). This environment was provided with dense
vegetation consisting of trees, bushes and grass. Man-
made hills and hideouts were also provided as a natural
housing for the tigers.

Tigers were fed a 24 hour standard diet consisting of
1 liter of milk and 7-8 kg of meat. None of the tigers were
ill or involved in any other study/trial that might influence
this study.

Standard capture and sampling protocols

Standard capture protocol was used and observed at
both sites of the study i.e. the Lahore zoo and the LWP.
This involved herding the animals to a corner of their
enclosure with the help of hand operating doors and
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directional iron rods, and finally capturing the animals in
squeeze cages (8x7x8 ft). After this, the animals were
screwed in squeeze cages with the help of a lever and
allowed to settle down in order to normalize their body
temperature and heart beat.

After squeezing in, 5ml of blood was collected
aseptically in heparinized syringes from the common tail
vein (dorsal coccygeal vein) of restrained un-
anaesthetized animals. In order to minimize the stress to
the animal and to standardize the collection procedure, all
animals were restrained with the same technique, the
collection was made by the same personnel and at the
same time of the day i.e., between 9 am to 12 am. Blood
samples were transported in an ice box to the Department
of Zoology, Lahore College of Women University, Lahore
for analysis.

Assessment of plasma cortisol levels

Plasma was extracted by centrifugation at 2000 rpm
for 15 minutes and analyzed for cortisol level through
Active Cortisol ELISA Kit (Accu-MonoBind, MonoBind
Inc., 100 North Pointe Drive, Lake Forest, CA 92630
USA).

Behavioral survey

Behavioral survey was done through a “focal animal’
sampling method using an ethogram which was devised
earlier during a preliminary observation made on tiger
behaviors in June 2007 at the Lahore zoo (Table 1).
Behavior of individual animals was recorded every 10
minutes from 12:30 to 01:30 pm daily for a period of two
months (Lyons et al., 1997; Shepherdson et al., 1993). At
10-minute intervals, the related behaviors were
consolidated into two groups, i.e. stereotyping (pacing)
and resting.

Table I: Ethogram of tiger behavior used in the present study
Stereotypies Rest Others

PC- Pacing LB- Laying Back OE- Off Exhibit
RA- Resting Awake CS- Cannot See
SI- Sitting
SL- Sleeping

Created from the work of Baldwin (1991) and Lyons et al.
(1997)

Statistical analysis

Data for plasma cortisol level is expressed as mean
and standard error of mean (xSEM). Following
homogeneity of variance, comparisons among and
between animals kept in captivity at Lahore zoo and the
LWP were made using t-test through Microsoft Office
Excel 2000.

RESULTS AND DISCUSSION

Plasma cortisol levels

The comparative mean (xSEM) values of plasma
cortisol levels of tigers confined to captivity at Lahore zoo
and LWP are presented in Table 2. Mean plasma cortisol
levels of 34.48+1.33 and 39.22+3.16 pg/dl were recorded
for tigers kept in the Lahore zoo and the LWP,
respectively. Although the variation of range was clearly
observed within both groups, no statistically significant
difference was found in the plasma cortisol level among



individuals within both the populations of captive
animals. The cortisol concentrations recorded in the
present study are higher than those reported by other
workers elsewhere. Byers et al. (1990) have reported
mean cortisol levels of 11.6+3.8 pg/dl in captive male
Siberian tigers (Panthera tigris), whereas Nogueira and
Silva (1997) have reported a 6.01+1.19 pg/dl plasma
cortisol concentration in captive jaguars (Panthera onca).
A plausible explanation of higher values in the present
study is the effect of season or breed.

Though the environments of the study animals for
both populations varied greatly, statistically non
significant difference was observed in the mean plasma
cortisol levels of both populations, with the values being
slightly higher for animals kept at the LWP. These results
are in line with the findings of Kleiman et al. (1990) and
Britt et al. (1999), who reported that individuals/animals
of an established captive population attain certain
‘behavioral deficiencies’ and ‘physiological adaptations’
in order to survive in the captive environment. Similarly,
Brown et al. (1988) reported lower overall cortisol
concentrations during subsequent bleeding periods,
indicating a rapid ‘adrenal adaptation’. The animals kept
in the Lahore zoo in the present study were adapted to the
captive environment by birth and hence had shown no
elevated cortisol levels. Such physical adaptations make it
possible for the animal to live in a particular place and in
a particular way; and have evolved after many
generations. Similarly, the animals kept in the semi
natural environment of the LWP were physiologically
adapted to that particular environment; however, their
mean plasma cortisol level was slightly higher than that of
the zoo captive animals. This slight elevation may be due
to the stress of squeeze caging while sampling.

Table 2: Comparative mean (+ SEM) values of plasma cortisol
levels of tigers confined to captivity at Lahore zoo and Lahore
Wildlife Park (LWP)

Captivity No. of Plasma cortisol Range
form animals (ng/dl) (ng/dl)
Lahore Zoo 04 34.48+1.33 17.88-54.52
LWP 06 39.22+3.16 25.21-57.78

Behavioral analysis

The comparison of the mean percentages of pacing
and resting recorded in a one-hour period, shown by
animals kept in Lahore zoo and in the LWP is presented in
Table 3. The results revealed that the animals kept in
Lahore zoo spent most of their time resting (10.54% of the
observed hour) in a single location of their enclosures as
compared to the animals kept in the LWP. These results
are in accordance with the findings of Baldwin (1991),
who reported that cats in the National Zoo, USA rested
75% of the time and used only 1/3 of their available
space. Lyons et al. (1997) also found that nine species of
captive felids used little of their enclosure spaces at the
Scottish National Zoological Park. Similarly, the time
spent in (stereotyping) pacing for the animals kept at the
LWP was 1.47% as compared to 10.68% for zoo captive
animals. These results are in line with those of Lyons et
al. (1997), who reported that the behavioral pattern of 19
captive felid species in larger enclosures was less
stereotypic. Similarly, Mellen et al. (1998) found that the
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relationship between pacing and several variables that
characterize the physical and social environment was a
useful measure of well being in captive animals. In most
of the cases, the smaller the enclosure, the more likely a
captive animal will display stereotypies (Carlstead, 1996).

Table 3: Comparison of mean percentages of pacing and
resting recorded in an hour, shown by animals kept in zoo and
in the LWP

Captivity form No. of animals Parameters
Pacing Resting
Lahore Zoo 04 10.68 10.54
LWP 06 1.47 2.40
Conclusions

The present study clearly indicates that environment,
whether captive or semi natural, has no effect on plasma
cortisol levels, but it has ample impact upon the
behavioral pattern of the animals. Environmental
enrichment is strongly recommended for the maintenance
of the physical and psychological behavior of captive
animals.
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